Two female patients aged 45 and 51 years experienced curling of hair during treatment with alitretinoin (Toctino ® ). For one patient, the indication for use was severe chronic hand eczema, but for the second patient the indication was not reported. After 5 and 9 months, respectively, the patients developed hair texture changes and their straight hair began to curl. The dose of alitretinoin was reduced in both cases, but the patients' hair had not straightened at the time of reporting (9 months and 2 years after onset of the event). Based on the described reports received by the Netherlands Pharmacovigilance Centre Lareb, the case reports in the literature, and the possible mechanisms, we suggest a causal relationship between curling of the hair and the use of alitretinoin. Using the World Health Organization Uppsala Monitoring Centre (WHO-UMC) system for standardized case causality assessment, the association in our cases can be assessed as likely.
Introduction
Alitretinoin is a vitamin A derivative that belongs to the systemic retinoids class and is indicated for use in adults who have severe chronic hand eczema that is unresponsive to treatment with potent topical corticosteroids. The duration of treatment (30 mg once daily or 10 mg when experiencing adverse drug reactions [ADRs]) is usually 12-24 weeks, depending on the patient's response. Alopecia is a known ADR for this drug. Changes in hair texture, such as curling or brittleness of the hair, are not described in the Summary of Product Characteristics (SmPC) for this drug [1, 2] , but are mentioned in SmPCs of other systemic retinoids, such as isotretinoin and acitretin [3, 4] . A few cases have also been reported in the literature in which retinoids such as isotretinoin, acitretin and etretinate have been attributed to changes in hair texture or color [9, 12, 13, [15] [16] [17] [18] [19] [20] [21] . Changes in hair texture may potentially affect compliance, thereby resulting in less efficacy of therapy. In the period from January 2016 to September 2017, The Netherlands Pharmacovigilance Centre Lareb (Lareb) received two reports from female patients describing that their straight hair became curly after using alitretinoin.
Case Reports

Patient A
In January 2016, a 51-year-old woman reported to Lareb that her straight hair became curly after the use of alitretinoin (unspecified dose; Toctino ® ) for 9 months (Fig. 1 ). The indication of use was not reported. The patient mentioned her hair started curling gradually and was becoming more and more difficult to style in the desired fashion. Her hair was not thinning or brittle and the patient mentioned there were no other problems with her hair or scalp. The patient talked to her specialist about the ADR and the dose for alitretinoin was reduced to 10 mg. At the time of follow-up, 2 years after onset of the event, the patient's hair still had a different texture while using this lower dose and did not straighten. The patient mentioned that when keeping her hair short, the curling was less than when her hair grew longer. The patient was taking tramadol as concomitant medication, for which hair texture changes are not a known ADR. It is not known whether the patient had other medical conditions that could have led to the curling of her hair.
Patient B
In January 2017, a 45-year-old woman reported to Lareb that she suffered from diffuse alopecia and her straight hair became curly following administration of alitretinoin (Toctino ® ) 30 mg for hand eczema with a latency of 5 months (Fig. 2 ). The patient mentioned her hair started changing and falling out after approximately 6 months. The ADR was discussed with the patient's dermatologist, who noted the change in hair texture. The use of alitretinoin was not discontinued, but the dose was reduced to 20 mg due to a good therapeutic response. The patient mentioned that her hair had not straightened at the time of reporting, 9 months after onset of the events. It is unknown if the patient suffered from other medical conditions or used other drugs that could have played a part in the curling of her hair.
Discussion
Drugs may cause various changes in hair, such as hair loss, stimulating hair growth, or inducing changes in hair shape and color. Although alopecia is described for many drugs, a change in hair texture causing the hair to curl or kink is less common [14] . Although the hair of both patients had a curly appearance, there is a difference between kinked hair and curly hair. With kinking of the hair, the hair looks curly due to torsion and irregularities in hair structure. Curling of the hair is the result of an oval hair shaft, which grows out of the scalp under an angle. The amount of disulfide bonds between the hair proteins and hair shaft give rise to a certain degree of curling of the hair. Hair thinning can cause kinking of the hair; however, why this happens is unknown since factors determining different hair shapes are not completely understood. Factors that may be implicated include changes in the shape of the hair follicle during miniaturization, irregularities of mitosis within the hair bulb, and changes in the arrangement of the keratin filaments within the hair shaft [5] .
The inner root sheath (IRS) is an important structure of the lower part of the hair follicle that surrounds and protects the growing hair, and is essential for the proper molding, adherence, and keratinization of the growing hair [7] . With regard to retinoids, an influence on the keratinization of the IRS of the hair follicle during the anagenic growth phase has been proposed as a possible mechanism. Given the chemical relationship of alitretinoin with the other retinoids and their effect on the retinoid acid receptors (RARS α, β, γ), a similar mechanism can be expected. However, since retinoids also activate the thyroid-and vitamin D receptor-modulating retinoid X receptors (RXRS a, ß, γ), alternative mechanisms are also possible [6] . These RXR receptors are speculated to play a role in new hair growth [9] . Etretinate may cause accelerated hair growth, dose-dependent telogen effluvium, and, at a high dose, hair loss that may be associated with dystrophy of hair roots [8] . It is speculative whether the affected hairs have regrown in follicles from which hairs have previously been lost. The keratinization of the IRS could be the result of a dystrophic change of the hair root. A similar process is seen in acquired pili-torti, when distortion of the hair follicle results in twisting of the hairs [10] .
The question has risen whether there is an association between hair loss and acquired kinking of the hair, which resembles acquired progressive kinking of the hair (APKH), a relatively rare condition, where hair kinking affects the frontotemporal regions of the head and the kinking is accompanied by a change in pigmentation of [6, 20] . Pigmentation of the hair is also regulated in the hair follicles. Judging from the photos in our cases, the hair color of the patients has changed. However, one patient explicitly mentioned her hairdresser noticed the hair texture change, therefore it is possible the patient used hair dye, which explains the difference in hair color.
Another possible cause for curling of the hair is hypothyroidism. Hypothyroidism is a medical condition that can lead to dry, thinning and coarse hair due to a hormonal disbalance [11] . Hair follicles are direct targets of thyroid hormones. T3 and/or T4 modulate multiple hair biology parameters and prolong the anagen phase duration, stimulate hair follicle pigmentation, and inhibit apoptosis of hair matrix keratinocytes, while T4 stimulates hair matrix keratinocyte proliferation. Both T3 and T4 do not seem to alter hair shaft formation in vitro [23] . However, this does not explain curling of the hair in our cases since the patients had no symptoms indicating hypothyroidism.
Several case reports were published regarding kinking of the hair in association with the systemic retinoids acitretin [13, 14, 16] , isotretinoin [17] [18] [19] , and etretinate [10, 18, [20] [21] [22] . A short overview of these case reports is depicted in Table 1 .
In addition, two previous cases relating to a 70-yearold woman and a 44-year-old man describe curling of the hair in association with alitretinoin [6, 12] . The latency in these cases is 3 and 4 months after the start of alitretinoin. The 70-year-old woman withdrew alitretinoin, but 1 year after onset of the event the hair had not straightened [12] . From the case report of the 44-year-old man, it is unknown whether the hair had straightened. The dose for alitretinoin was not changed due to a good therapeutic effect [6] . Both cases were illustrated with photos of the hair texture changes.
By using clinical judgement and taking into account supporting photos and latency, the Lareb cases indicate a Table 1 Overview of case reports on other systemic retinoids [8, 11, 12, [14] [15] [16] [17] [18] [19] [20] a Etretinate is no longer available on the market in Europe and the US, and has been replaced by acitretin, the active metabolite of etretinate
Drug
Reference probable causal relationship between the use of alitretinoin and curling of the hair. Using the WHO-UMC system for standardized case causality assessment, the association in our cases can be assessed as likely [24] .
Conclusion
Based on the described reports received by Lareb, the case reports in the literature, and the possible mechanisms, we suggest a causal relationship between curling of the hair and the use of alitretinoin. In addition, the change in hair texture after the use of retinoids might not be (quickly) reversible, depending on whether the hair shaft has been permanently damaged or not. Prescribers of alitretinoin and other retinoids should be aware of the possible effect of these drugs on hair texture so that they can inform their patients accordingly. In the cases reported to Lareb, both patients decided to continue their therapy despite their change in appearance, albeit in lower doses.
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